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ABSTRACT 
 
Protein is the most valuable constituent of bovine milk, due to its high 
nutritional quality, unique physicochemical and functional properties, which were 
exploited to manufacture diverse range of dairy products. This research is to identify 
the protein denaturation by heat in lab scale spray dryer. The Lab-Plant SD06AG 
Laboratory Scale Spray Dryer is used to produce protein powder from a pure whey 
protein powder. This work is to establish a method for preserving protein content in 
whey protein during the spray drying which is by employing the microencapsulation 
technique and also by controlling the spray drying operating parameters. Protein 
denaturation was reduced by adding of microencapsulation by using Maltodextrin. 
The moisture content analysis was determined via MS-07 Moisture Content 
Analyzer. Then, the morphology and particle size distribution of milk powders are 
determined by using Malvern Mastersizer. The quality of protein that undergo spray 
drying process which is before and after it analyzed by using high-performance 
liquid chromatography (HPLC). The analysis suggested a severe protein denaturation 
(60% and 40%) at higher spray drying temperature (180 °C and 190°C) but can be 
reduced up to 29% and 20% when microencapsulation technique is employed.  
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ABSTRAK 
 
Protein adalah konstituen susu lembu yang paling berharga, kerana kadar 
nutrisi yang tinggi, fizikokimia yang unik dan sifat berfungsi, yang dieksploitasi 
untuk mengeluarkan pelbagai produk tenusu. Cadangan ini adalah untuk mengenal 
pasti penyahaslian protein dengan haba pengering semburan skala di dalam makmal. 
Lab-Plant SD-06AG Makmal Skala Sembur pengering digunakan untuk 
menghasilkan serbuk protein dari serbuk protein whey tulen. Kerja ini adalah untuk 
membentuk satu kaedah untuk memelihara kandungan protein dalam protein whey 
semasa pengeringan semburan yang menggunakan teknik microencapsulasi dan juga 
dengan mengawal parameter semburan pengeringan operasi. Penyahaslian  protein 
telah dikurangkan dengan menambah mikroencapsulasi dengan menggunakan 
Maltodextrin. Analisis kandungan lembapan telah ditentukan melalui MS-07 
Kandungan Lembapan Analyzer. Kemudian, morfologi dan taburan saiz zarah susu 
tepung ditentukan dengan menggunakan Malvern Mastersizer. Kualiti protein yang 
sebelum dan selepas menjalani proses semburan kering dianalisis dengan 
menggunakan kromatografi cecair berprestasi tinggi (HPLC). Analisis telah 
mencadangkan penyahaslian protein (60% dan 40%) pada semburan suhu 
pengeringan yang lebih tinggi (180 ° C dan 190 ° C), tetapi boleh dikurangkan 
sehingga 29% dan 20% apabila teknik mikroencapsulasi diaplikasikan. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 Research Background 
 
Drying is the oldest method of preserving food, and dried products which 
have useful attributes in terms of good storage stability, economical way of 
transport and unique structural qualities. Drying also is one of the most important 
unit operations and has probably the widest applications in the food and 
pharmaceutical industries. There are three common drying methods used to create 
particles from solutions which namely as freeze-drying, spray-drying and drum 
drying. 
 
 
Based on Masters (1991), spray-drying is one of the well-established methods 
for producing dry powders and it is the direct opposite to the spray-freeze-drying 
technique, i.e. an atomized spray is contacted with hot gas which is used as the 
drying medium. Then, evaporation takes place to yield dried particles, which are 
subsequently separated from the gas stream by a variety of methods. Currently, 
spray drying is the preferred method for producing whey proteins in powder 
form. Normally, it comes at the end-point of the processing line, as it is an 
important step to control the final product quality (Anandharamakrishnan et al., 
2008). Recently, many techniques have been developed to microencapsulate food 
ingredients, spray-drying is the most common technology used in food industry 
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due to low cost and available equipment. Microencapsulation by spray-drying has 
been successfully used in the food industry for several decades (Gouin, 2004) and 
this process is one of the oldest encapsulation methods used since the 1930s to 
prepare the ﬁrst encapsulated ﬂavors using gum acacia as wall material (Shahidi 
and Han, 1993). 
 
1.2 Problem Statement 
 
Spray drying is a preferred method to protect milk powder. During spray 
drying protein will be denatured. Protein denaturation ranged from 30 to 40% in a 
pilot scale spray dryer when the outlet temperature was set at 120 °C 
(Anandharamakrishnan et al., 2008). Lower protein content can be harmful, 50 
babies died in China in 2004 when the substandard baby milk with as little as 
one-sixth the required amount of protein was consumed (Watts, 2004). So, one 
method to minimize protein denaturation is by employing low spray drying 
temperature (Anandharamakrishnan et al., 2007) but result in lower powder yield. 
Another method is by using microencapsulation method which has been applied 
for encapsulating food ingredients such as flavors, lipids, and carotenoids 
(Gharsallaoui, 2007). Microencapsulation is a relatively new technology that is 
used for protection, stabilization, and slow release of food ingredients. The 
encapsulating or wall materials used generally consist of starch, starch 
derivatives, proteins, gums, lipids, or any combination of them. Methods of 
encapsulation of food ingredients include spray-drying, freeze-drying, fluidized 
bed-coating, extrusion, cocrystallization, molecular inclusion, and coacervation 
(Shahidi et al., 1993). This work is to establish a method for preserving protein 
content in fresh milk during operation and also to develop a reliable analytical 
method for quantifying the protein in milk powder. 
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1.3 Research Objective 
 
The objectives of this work are to establish a method for preserving protein 
content in whey protein isolate (WPI) during operation and also to develop a 
reliable analytical method for quantifying the protein in whey protein powder. 
 
1.4 Scope of Research 
 
The following are the scopes of this research to support the above mentioned 
objectives: 
 To perform spray drying of protein using the lab scale spray dryer 
 To minimize the denaturation of protein during spray drying process by 
changing the operating parameters such as inlet temperature and via 
microencapsulation of maltodextrin 
 To examine the particle size distribution of whey powder using Malvern 
Mastersizer 
 To determine the moisture content of spray drying whey powders by using 
MS-07 moisture content analyzer 
 To analyze the quality of protein that undergoes spray drying process which 
is before and after spray drying by using HPLC 
 To establish relationship between spray drying condition and protein 
denaturation by using HPLC 
 
1.5 Rationale and Significance 
 
This study will provide a better understanding of protein denaturation in lab 
scale spray dryer hence establishing optimum operating conditions for spray 
drying to minimize protein denaturation which is expected to be achieved upon 
the completion of this study. 
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1.6 Thesis outline 
 
In this research, it will divide into five chapters. Firstly, Chapter 1 is an 
overview about this research. It consists of the introduction on spray dryer which 
gives a brief idea on what spray-drying process and the effect to the protein. The 
problem statement, objective and the scope of the study also are included in this 
chapter.  
 
 
 
 
 
 
 
 
 
 
Figure 1.1: The road map for thesis 
 
Chapter 2 is about literature review on protein denaturation during spray 
drying process and includes all parameters taken to minimize protein 
denaturation during spray drying in the lab scale dryer. In this chapter, all the 
relevant technical paper, journals, and books taken from those researches will be 
studied and discussed. 
Then, Chapter 3 will be covered the parts of experimental set up and will be 
explained more details on methodology and operating procedures.  The 
techniques and the algorithms that will be used in performing this study will be 
applied. The methods and techniques used for this system are described in detail. 
In addition, in this chapter also explained the material used in this experiment and 
the method used to analysis the data.  
 
1) INTRODUCTION 
2) LITERATURE RIVIEW 
3) EXPERIMENTAL SETUP 
 
 
4) MATERIAL AND METHODOLOGY 
Moisture Content Analysis, HPLC, 
Malvern Mastersizer,Microencapsulation 
5) RESULTS AND DISCUSSION 
6) CONCLUSION AND FUTURE WORK 
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Chapter 4 will be covered on the results and discussion of the research 
during the operation process. All the experimental result and data will be 
discussed in details which are including the effects of microencapsulation and 
effect of controlling parameters of lab scale spray dryer to whey proteins content. 
The detailed report on the product quality analysis was evaluated. 
Implementation of process that is involved during development of this analysis is 
explained in detail in this chapter. 
Chapter 5 will be discussed on the conclusion can be made for the study and 
some recommendations can be taken. 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1  Introduction 
 
According to Anandharamakrishnan et al. (2008), spray drying is the process 
of transforming a feed (solution or suspension) from a fluid into a dried 
particulate form by spraying the feed into a hot drying medium. Spray drying is a 
widely used in industrial process for the continuous production of dry powders. 
Then, spray drying is widely used in the food and pharmaceutical industries for 
producing high quality powders with low moisture content (Charm, 1971; 
Masters, 1991). Spray drying also is used for a wide range of products such as 
proteins, vitamins, bacteria, enzymes, yeast, flavors, milk, eggs, soups, 
beverages, fruit juices, vegetables and encapsulated products. Several studies and 
patents on spray drying have been summarized by Masters (1991). 
 
 
2.2  Spray Drying 
 
Spray-drying is the most common and cheapest technique to produce 
microencapsulated food materials. Equipment is readily available and production 
costs are lower than most other methods. Compared to freeze-drying, the cost of 
spray-drying method is 30–50 times cheaper (Desobry et al., 1997). Spray-drying 
has been considered as a solution for conventional drying problems because the 
process has usually proved not only eﬃcient but also economic (Masters, 1968).  
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2.3   Principles of Spray Drying 
 
According to Gharsallaoui (2007), spray-drying is a unit operation by which a 
liquid product is atomized in a hot gas current to instantaneously obtain a 
powder. The gas generally used is air or more rarely an inert gas as nitrogen. The 
initial liquid feeding the spray dryer can be a solution, an emulsion or a 
suspension. Spray-drying produces, depending on the starting feed material and 
operating conditions, a very ﬁne powder (10–50 lm) or large size particles (2–3 
mm). Water removal by spray-drying solutions is a common engineering 
practice. By decreasing water content and water activity, spray-drying is 
generally used in food industry to ensure a microbiological stability of products, 
avoid the risk of chemical and/or biological degradations, reduce the storage and 
transport costs, and ﬁnally obtain a product with speciﬁc properties like 
instantaneous solubility for example. The spray-drying process has been 
developed in connection with the manufacture of dried milk.  
 
However, based on Gharsallaoui (2008), when milk is spray-dried, the 
process can be considered as a microencapsulation one which is milk fat is being 
the core material that is protected against oxidation by a wall material consisting 
of a mix of lactose and milk proteins. In this mix, the carbohydrates provide 
structure through glass formation whereas the proteins provide emulsiﬁcation 
and ﬁlm forming properties. 
 
2.4 Applications of Spray drying 
 
The application of spray-drying process in microencapsulation involves three 
basic steps (Dziezak, 1988). Firstly is by preparing of the dispersion or emulsion 
to be processed. Secondly is by homogenizing of the dispersion and lastly is by 
atomizing of the mass into the drying chamber. However, Shahidi and Han 
(1993), suggested that the microencapsulation by spray-drying involves four 
stages which are preparation of the dispersion or emulsion, homogenization of 
the dispersion, atomization of the in feed emulsion and dehydration of the 
atomized particles. The ﬁrst stage is the formation of a ﬁne and stable emulsion 
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of the core material in the wall solution. The mixture to be atomized is prepared 
by dispersing the core material, which is usually of hydrophobic nature, into a 
solution of the coating agent with which it is immiscible. The dispersion must be 
heated and homogenized, with or without the addition of an emulsiﬁer depending 
on the emulsifying properties of the coating materials because some of them 
have themselves interfacial activities. In the spray-drying process, the initial 
emulsion droplets are in the order of diameter 1–100 lm. 
 
Before the spray-drying step, the formed emulsion must be stable over a 
certain period of time (Liu et al., 2001), oil droplets should be rather small and 
viscosity should be low enough to prevent air inclusion in the particle (Drusch, 
2006). So, emulsion viscosity and particle size distribution have signiﬁcant 
eﬀects on microencapsulation by spray-drying. High viscosities interfere with the 
atomization process and lead to the formation of elongated and large droplets 
that adversely aﬀect the drying rate (Rosenberg et al., 1990). As the sprayed 
particles fall through the gaseous medium, a spherical shape with the oil encased 
in the aqueous phase will form (Dziezak, 1988). 
 
2.5 Advantages and Disadvantages of Spray Drying 
 
Gohel (2009), reported that by using spray drying can gives lots of 
advantages likes the actual spray drying process is very rapid, with the major 
portion of evaporation taking place in less than a few seconds, wide ranges of 
spray dryer designs are available to meet various product specifications and 
offers high precision control over particle size, bulk density, degree of 
crystallinity, organic volatile impurities and residual solvents. 
 
Other than that, powder quality remains constant during the entire run of the 
dryer and nearly spherical particles can be produced, uniform in size and 
frequently hollow, thus reducing the bulk density of the product. 
 
There are some disadvantages by using spray drying such as the equipment is 
very bulky and with the ancillary equipment is expensive and the overall thermal 
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efficiency is low, as the large volumes of heated air pass through the chamber 
without contacting a particle, thus not contributing directly to the drying. 
 
2.6 Issues on Spray Drying Of Heat Sensitive Material 
 
According to Liu et al. (2004), the main factors in spray-drying that must be 
optimized are feed temperature, air inlet temperature, and air outlet temperature. 
However, Zakarian and King (1982) suggested that a high air inlet temperature 
causes an excessive evaporation and results in cracks in the membrane inducing 
subsequent premature release and a degradation of encapsulated ingredient or 
also a loss of volatiles. While, the air inlet temperature is usually determined by 
two factors which are the temperature which can safely be used without 
damaging the product or creating operating hazards and the comparative cost of 
heat sources (Fogler and Kleinschmidt, 1938). 
 
The best spray-drying conditions are a compromise between high air 
temperature, high solid concentration of the solution, easy pulverization, drying 
without expansion and cracks of ﬁnal particles (Bimbenet et al., 2002). 
Reineccius (1988) reported that the greatest loss of the volatiles during 
microencapsulation by spray-drying takes place at early stages of drying, prior to 
the formation of a dry crust at the surface of the drying particles. It was expected 
also that heat denaturation of whey proteins inﬂuences emulsiﬁcation 
characteristics and thus microencapsulating properties (Rosenberg and Sheu, 
1996). 
 
2.7 Protein 
 
Sander et al. (1997) implies that proteins can be derived from plants, e.g. 
wheat gluten, soy and pea protein, or from the milk or skin and hides of animals, 
such as casein and whey protein, and gelatin respectively. Currently a number of 
industrial applications are based on industrial proteins (Skeist, 1990; Mulder, 
1997). Proteins can be processed in the presence of a high amount of water (e.g. 
coatings, adhesives, surfactants), or under low-moisture conditions (extrusion). 
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Generally, protein based coatings and adhesives are produced by dissolving the 
protein in water at high or low pH and using denaturants such as urea (Skeist, 
1990; Somanathan et al., 1992; Gennadios et al., 1994; McHugh et al., 1994). 
 
2.8 Structure of Proteins 
 
Kuntz et al. (1974) suggested that protein molecules in solution are 
surrounded by a hydration shell which is composed of water molecules attached 
to the protein surface mainly by hydrogen bonds and is indispensable for 
supporting the native protein conformation. If an organic solvent is present in 
solution, its molecules tend to displace water from the hydration shell thus 
distorting the finely balanced interactions responsible for maintaining the native 
conformation of the protein molecule. According to a generally accepted notion, 
the destruction of the hydration shell is one of the main reasons of protein 
denaturation by organic solvents. 
 
2.9 Denaturation of Proteins 
 
According to Goetz and Koehler (2003), denaturation is due to the ability to 
form and stabilize gels, foams, emulsions and fibrillary structures, proteins are 
able to highly influence the texture of food. Thermal processing of protein-
containing food systems and its components is used in order to increase the shelf 
life (pasteurization, sterilization) and to modify selectively the texture of the 
food. On a molecular level, heat treatment causes denaturation of proteins 
including unfolding and aggregation of the molecules. The changes depend on 
protein concentration, process temperature, duration, pH-value, concentration of 
salt, sugar, and hydrocolloids. Depending on the composition of the system, heat 
treatment is applied to increase the viscosity (thickening), to form gel structures 
or to stabilize the structure. 
 
Denaturation is the modification of the native structure of a protein without 
cleavage of peptide bonds within the amino acid sequence (Cheftel et al., 1985). 
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Depending on the conditions, partial or complete as well as reversible or 
irreversible denaturation can be observed (McKenzie and Ralston, 1971). 
 
2.10 Whey Protein 
 
Whey proteins are the proteins that appearing in the supernatant of milk after 
precipitation or in other words whey proteins are the proteins that remain in 
solution after removal of casein. These kind of proteins are more water soluble 
than caseins and are subject to heat denaturation. Native whey proteins plays an 
extremely important role in the food industry and have good gelling and 
emulsification properties. The beta-lactoglobulin, alpha-lactalbumin, bovine 
serum albumin (BSA), and immunoglobulins (Ig) are the principle fractions in 
whey proteins. Whey proteins are commonly used in food and formulated 
pharmaceutical products (Anandharamakrishnan et al., 2005; Anema et al., 2005; 
Schokker et al., 2000) 
 
Table 2.1: Distribution of milk proteins 
 
Component % Total % Whey 
Whey 17 
 
Beta-lactoglobulin 10 58 
Alpha-lactalbumin 2 13 
Immunoglobulins 2 12 
Serum Albumin 1 6 
Minor proteins 2 12 
 
 
 
 
